
United States Patent [19] 
Kishi et al. 

[54] METHOD OF CREATING A CURVED 
SURFACE 

[75] Inventors: Hajimu Kishi, Hino; Masaki Seki, 
Takaidonishi, both of Japan 

[73] Assignee: Fanuc Ltd., Minamitsuru, Japan 
[ * ] Notice: The portion of the term of this patent 

subsequent to Jan. 1, 2002 has been 
disclaimed. 

[21] Appl. No.: 669,835 

[22] Filed: Nov. 9, 1984 

Related U.S. Application Data 

[63] Continuation of Ser. No. 266,284, May 22, 1981, Pat. 
No. 4,491,906. 

[30] Foreign Application Priority Data 
Jun. 10, 1980 [JP] Japan ................................ .. 55-78247 

[51] Int. Cl.4 ..................... .. G06F 15/32; G06F 15/46 
[52] U.S. Cl. ............................ .. 364/191; 364/167 
[58] Field of Search ............. .. 364/200, 900, 167, 168, 

364/191, 520, 521, 522 
[56] References Cited 

U.S. PATENT DOCUMENTS 

3,450,865 6/1969 Peras ............................. .. 364/520 

[11] Patent Number: 4,569,014 
* 

[45] Date of Patent: Feb. 4, 1986 

3,524,978 8/1970 Miura etal. ....................... .. 364/520 
4,010,356 3/1977 Evans et a1. .................. .. 364/191X 

FOREIGN PATENT DOCUMENTS 

1494849 8/1967 France .............................. .. 364/520 

OTHER PUBLICATIONS 

Simon: “A sculptured-Surface Program”, Machine 
Design, vol. 46, Aug. 8, 1974, pp. 117-121. 
Bezier: “De?nition Numerique ales Courbes et Sur 
faces”, Automatisme (Paris-France), vol. 12, No. 1 
Jan. 1967, pp. 17-21. 

Primary Examiner-Felix D. Gruber 
Attorney, Agent, or Firm-Staas & Halsey 

[57] ABSTRACT 
A method of creating the curved surface of a body 
including steps of generating a plurality of intermediate 
sections and ?nding a section curve in each of the inter 
mediate sections, in accordance with predetermined 
rules, from section data specifying given sections of the 
body and from data specifying sections curves in re 
spective ones of the given sections, and generating the 
curved surface of the body from a collection of interme 
diate section curves in the general intermediate sections. 

48 Claims, 42 Drawing Figures 
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Fig.4 
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Fig.9 
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METHOD OF CREATING A CURVED SURFACE 

This is a continuation of co-pending application Ser. 
No. 266,284 ?led on May 22, 1981 now US. Pat. No. 
4,491,906. 

BACKGROUND OF THE INVENTION 

This invention relates to a method of creating a 
curved surface of a three-dimensional body, and more 
particularly to a method of the type described that is 
ideal for the preparation of a numerical control tape 
required for the numerically controlled machining of a 
three-dimensional metal mold or the like. 
A curved surface of a three-dimensional metal mold 

or the like, when drawn out on the plane of a blueprint 
is generally represented by a plurality of given section 
curves, but no data is shown for the shapes of the areas 
lying between the adjacent given section curves. When 
machining the workpiece in accordance with the nu 
merical control method, however, it is essential that the 
adjacent section curves should be connected smoothly 
despite the absence of the data indicating the shape of 
the surface between them. In other words, this means 
that machining must be performed by generating the 
curved surface lying between the adjacent section 
curves from such data as that indicative of the given 
section curves, punching a numerical control (NC) tape 
so as to include the data concerning the generated 
curved surface, and then machining the workpiece in 
accordance with the instructions on the NC tape. To 
this end, the NC tape ordinarily is prepared by using a 
computer, and either of two systems can be adopted to 
create the desired curved surfaces. The ?rst is a batch 
system in which processing is effected by dividing a 
curved surface into minute portions. In the second sys 
tem a two-dimensional curve made up of straight lines 
and arcs is modi?ed for each minute displacement ap 
plied to a third axis, i.e. the axis of the third dimension. 
The ?rst system, however, entails the processing of 
large quantities of data as well as highly complicated 
mathematical processing, and requires a largescale com 
puter system. The second system makes processing with 
a small scale computer possible, but there is no three-di 
mensional tool offset capability and an excessive limita 
tion upon tool movement direction and machining 
shape, making it impossible to create sophisticated 
three-dimensional bodies. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide a novel method of creating curved surfaces 
that allows sophisticated three-dimensional bodies to be 
readily created while permitting processing to be'per 
formed by a small-scale computer. 
Another object of the present invention is to provide 

a method of creating curved surfaces through which it 
is possible to create an entire body from data indicative 
of the shapes of sections drawn out on a blueprint, of a 
part of the three-dimensional body such as a metal 
mold. 
A further object of the present invention is to provide 

a method of creating curved surfaces smoothly and 
accurately. ' 

Yet another object of the present invention is to pro 
vide a method of creating curved surfaces through 
which machining can be performed accurately on the 
basis of the created curved surfaces. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1, composed of (A) (B) and (C) is a diagram 
useful in describing the creation of a curved surface 
according to the present invention; 
FIG. 2, composed of (A), (B), (C) and (D) is a dia 

gram useful in describing the generation of intermediate 
sections according to the present invention; 
FIG. 3, composed of (A), (B) and (C) is a diagram 

useful in describing the generation of a intermediate 
section curve according to the present invention; 
FIG. 4, composed of (A), (B) and (C) is a diagram 

useful in describing a data input method, FIG. 4A being 
a perspective view of a curved surface, and FIGS. 4B 
and 40 showing the section curves; 
FIG. 5 is a diagram useful in describing a ?rst method 

of generating an intermediate section; 
FIG. 6 is a diagram useful in describing the coordi 

nate system for the sections in FIG. 5; 
FIG. 7 is a diagram useful in describing a second 

method of generating an intermediate section; 
FIG. 8 is a diagram useful in describing a third 

method of generating an intermediate section; 
FIG. 9 is a diagram useful in describing a fourth 

method of generating an intermediate section; 
FIG. 10, composed of (A), (B), (C), (D), (E) and (F) 

is a diagram useful in describing a ?rst method of gener 
ating an intermediate section curve; 
FIG. 11, composed of (A), (B), (C), (D) and (E) is a 

diagram useful in describing a second method of gener 
ating an intermediate section curve; 
FIG. 12, composed of (A), (B), (C), (D) and (E) is a 

diagram useful in describing a third method of generat 
ing an intermediate section curve; 
FIG. 13, FIGS. 14A and 14B illustrate curved sur 

faces created in accordance with the present invention; 
FIG. 15 is a block diagram of a curved surface gener 

ating apparatus for realizing the method of the present 
invention; 
FIG. 16 is a block diagram’ of a device for generating 

intermediate sections according to the present inven 
tion; 
FIG. 17 is a block diagram of a device for generating 

intermediate section curves according to the present 
invention. 
FIG. 18 is a block diagram of a conventional general 

purpose computer used for controlling a machine tool 
according to the present invention; and 
FIG. 19 is a ?owchart for the sections of processing 

performed by the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A curved surface when drawn out on the plane of a 
blueprint of a three-dimensional metal mold or the like 
is generally represented by a plurality of section curves, 
and there is no data given for the shapes of the areas 
lying between a certain section curve and the adjacent 
section curve. In effecting numerically controlled ma 
chining it is required that a metal mold be machined so 
as to smoothly connect these two section curves despite 
the absence of the data indicating the shape of the sur 
face lying between the two section curves. In other 
words, machining must be performed by creating or 
generating the surface lying between the two section 
curves from such data as that indicative of the given 
section curves, punching the data relating to the gener 
ated surface into an NC tape, and then machining the 










































